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ABSTRACT  
Objective: To assess the in vitro anticancer activity of A. mexicana mediated gold nanoparticles on MCF-7 breast cancer cells. 
Methods: The present study reveals the synthesis and characterization of gold nanoparticles from aqueous extract of Argemone mexicana L. by 
biological method. UV-Vis spectroscopy, XRD, FT-IR, SEM and TEM analyses revealed that green synthesized gold nanoparticles were 26 ± 5 nm in 
size and spherical in shape. MCF- 7 Breast cancer cells were treated with different concentrations of green synthesised gold nanoparticles at 
different time intervals. Cytotoxicity activity and the mechanism of apoptosis were determined by morphological and chromatin cleavage assays.  
Results: Green synthesised gold nanoparticles showed dose-dependent cytotoxic and apoptotic effect in MCF-7 breast cancer cells at concentration 
of 100 μg/mL.  
Conclusion: The present investigation showed that Argemone mediated gold nanoparticles may be an alternative chemotherapeutic agent for 
treatment of breast cancer. 
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INTRODUCTION 
Gold nanoparticles play a vital role in nano biotechnology as 
biomedicine for convenient surface bio conjugation with bio 
molecular probes and remarkable plasmon resonant optical 
properties [1-3]. Gold nanoparticles have a significant function 
in the delivery of proteins, nucleic acids, in vivo delivery, gene 
therapy, targeting, etc. [4]. Green synthesis of gold nanoparticles 
using diverse plant extracts have been reported [5-7]. In 
biological methods, it is found that the extracts of living 
organisms act both as reducing and stabilizing agent in the 
synthesizing process of the nanoparticles [8]. A. mexicana L. 
belongs to Papaveraceae family. Phyto constituents such as 
alkaloids (chelerytherine, sarguinarine, protopine, optisine and 
berberine) and oil are predominantly present A. mexicana leaves. 
Roots and seeds are traditionally used for skin-diseases, leprosy, 
bilious fever and inflammations [9]. The aim of present work is 
to investigate the possibility of synthesizing gold nanoparticles 
by reduction method using A. mexicana leaves as capping agent 
and to assess the in vitro anticancer activity of A. mexicana 
mediated gold nanoparticles on MCF-7 breast cancer cells. 
MATERIALS AND METHODS  
Materials  
Fresh and healthy Argemone mexicana L. leaves were collected from 
Coimbatore district, which belongs to Tamil Nadu, India. It was 
identified (code number is 1399) by Botanical Survey of India, 
Coimbatore. All glass wares were washed with distilled water and 
dried in oven before use. All the chemicals and solvents used in this 
experiment were of analytical grade and were purchased from 
Sigma-Aldrich Chemicals, India.  
Maintenance of cell cultures 
Human breast MCF-7 cell culture was procured from the National 
Centre for Cell Science (NCCS), Pune, India. The cells were 
maintained and propagated in Eagles Minimum Essential Medium 
(EMEM) supplemented with Fetal Bovine Serum (10%, v/v) at 37 ̊ C 
in a CO2 incubator (5% CO2,  
Synthesis and characterization of Argemone mediated gold 
nanoparticles 
95% air and 100% relative humidity). 
MCF-7 cells were harvested after brief trypsinization. 
Gold nanoparticles were synthesized through reduction of gold 
chloride by aqueous extract of Argemone leaf extract. The optical 
properties of green synthesized gold nanoparticles were analyzed by 
Ultra Violet–visible spectroscopy at 200–800 nm wave length range. 
Argemone mediated gold nanoparticles were characterized with the 
help of X-ray diffraction, FT-IR, scanning electron microscopy and 
transmission electron microscopy.  
Trypan blue dye exclusion assay 
Trypan blue dye exclusion assay was analysed for to evaluate the 
influence of Argemone mediated gold nanoparticles on the viability 
of MCF-7 cells. The cells (0.5 × 105
MTT assay 
 cells/ml) were seeded in six well 
plates in complete medium. The MCF-7 cells were mixed with 
different (6.25, 12.5, 25, 50 and 100 μg/mL) concentrations of 
Argemone mediated gold nanoparticles and incubated for 24 and 48 
h. After incubation period, the cultures were harvested and washed. 
Then it was resuspended with PBS (0.4% trypan blue) and cell were 
counted using hemocytometer. Each experiment was carried out 
with three replications. 
In order to evaluate cytotoxicity of Argemone mediated gold 
nanoparticles, MCF-7 cells were collected in the exponential phase of 
growth, seeded into 96-well tissue culture plates (15,000 per well) and 
allowed to adhere for 48 h. Then, 6.25, 12.5, 25, 50, 100 μg/ml 
concentration of Argemone mediated gold nanoparticles were added to 
the desired wells and incubated for 48 h. After incubation, 20 μl of EMEM 
medium having MTT (3-[4,5-dimethylthiazol-2-yl]- 2,5-
diphenyltetrazolium bromide) (5 mg/mL) was added to each well and 
incubated at 37 ˚C for 4 h. Subsequently, the medium was changed with 
100 µL of DMSO, and optical densities were measured at 570 nm. All 
investigates were performed in triplicates. All the measurements were 
made in triplicate and expressed as the mean ± standard error. 
Colony-forming assay 
MCF -7 cells were plated at a density of 7 x 102 cells per well in six 
well plates and treated with Argemone mediated gold nanoparticles 
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at various concentrations (6.25, 12.5, 25, 50 and 100 μg/ml). The 
control cells have been also maintained. Media was altered after 48 h 
of incubation and the colonies were observed further for 7 days. 
Cells were stained using crystal violet. Colony number was 
determined manually. 
Morphological assay 
The apoptotic effects of Argemone mediated gold nanoparticles on 
MCF- 7 cells were determined using nuclear DNA staining assay. 
MCF-7 cells (Argemone gold nanoparticles-treated and untreated) 
were fixed in 4% of paraformaldehyde in PBS (phosphate-buffered 
saline) for 20 min. the cells were washed with PBS twice and stained 
using Propidium Iodide
Caspase activities 
 (1 μg/mL) in PBS for 15 min. Stained cells 
were washed with PBS twice. The stained cells and its changes in 
nuclei were detected under UV fluorescent microscope. 
MCF-7 cells were seeded in 6-well plates and treated with different 
concentrations of Argemone mediated gold nanoparticles
 
 for 48 h. 
After incubation, the MCF-7 cells were collected and caspase -3 -8 
and -9 activity was analysed using a colorimetric assay kits. In this 
assay, colorimetric detection was performed by chromophore p-
nitroaniline (pNA), labelled substrate DEVD-pNA (caspase 3), IETD-
pNA (caspase 8) and LEHD-pNA (caspase 9). The free pNA was 
measured by spectrophotometer at 405 nm.  
 
Fig. 1: MCF-7 cells were treated with various concentrations of 
green synthesised gold nanoparticles for 24 h and 48 h, and the 




Fig. 2: Effect of various concentrations of green synthesised gold 
nanoparticles for 24 h and 48 h on viability of MCF-7 cells as 
measured by MTT assay 
 
DNA Fragmentation assay  
DNA fragmentation assay was carried out using agarose gel 
electrophoresis. After 48 h, Argemone mediated gold nanoparticles
Statistical Analysis 
 
treated cells were harvested through centrifugation. The cell pellets 
were mixed with 100 ml lysis buffer and incubated at 50º C for 1 h. 
Then, 10 μl of Proteinase K was added and incubated at 50º C for 30 
min. 3μl of RNase was then added and incubated at 50 º C for 2 h. The 
DNA was extracted by phenol: chloroform: isoamyl alcohol (25:24:1) 
and 2.5 volume of absolute ethanol. 2.0% of agarose gel was used 
and stained with ethidium bromide. The fragmented DNA was 
visualized under UV light transilluminator. 
All experiments were carried out three times. Results were 
represented as means ± standard deviation (S.D). Student t- test was 
performed and p<0.05 was considered as statistically significant. 
 
 
Fig. 3: Effect of various concentrations of green synthesised gold 
nanoparticles for 24 h and 48 h on viability of MCF-7 cells as 
measured Colony-forming assay 
 
 
Fig. 4: Apoptotic assay A. Control and B. 100 µg/ml
 
 gold 
nanoparticles treated MCF-7 cells 
 
Fig. 5: Dose-dependent increase of caspase -3,-8 and -9 activity 
in MCF-7 cells treated with different concentrations of green 
synthesised gold nanoparticles for 48 h. 
 
 
Fig. 6: DNA fragmentation in MCF-7 cells treated with gold 
nanoparticles after 48 h (Lane 1: Marker, Lane 2: control MCF-7 
cells DNA, Lane 3: gold nanoparticles treated MCF-7 cells DNA) 
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RESULTS AND DISCUSSION 
Characterization of gold nanoparticles 
UV- Visible absorption spectrum of gold nanoparticles reveals that 
gold nanoparticles are mono dispersed. Green synthesized 
nanoparticles show a broad absorption peak at 545 nm. The band 
gap of gold nanoparticles was calculated by using formula E = hc/λ, 
where h = plank’s constant, c = velocity of light and λ = wavelength. 
The band gap of gold nanoparticle has been stated earlier [10]. X - 
ray diffraction pattern was done to confirm the phase of gold 
nanoparticles. The peaks at 2θ values of 38.2º, 44.5º, 64.7º and 77.6º 
correspond to crystal planes of (111), (200), (220) and (311) of gold 
nanoparticles. The diffraction peaks denote as crystalline phase, 
which was assessed with the data from JCPDS card No. 89-7102. The 
narrow and strong peak represents that the particle has well 
crystalline nature. The particle average size was calculated by the 
Scherrer formula and found to be in the range of 22-26 nm. Similar 
report of XRD for gold nanoparticles synthesized using plant extract 
was found by Shankar et al. [11]. FT-IR, SEM and TEM analyses 
revealed that green synthesized gold nanoparticles were 26 ± 5 nm 
in size and spherical in shape. 
Trypan blue dye exclusion assay 
The cytotoxic effect of Argemone mediated gold nanoparticles on 
human breast cancer cell line MCF-7 was analysed for their viability 
using the trypan blue dye exclusion method. The cells were counted 
at 24 and 48 h of treatment with gold nanoparticles after staining 
with trypan blue. After 48 h, gold nanoparticles exhibited a 
significant increase in cell death than 24 h after treatment. At the 
concentrations of 50 and 100 μg/ml resulted in increased cell death 
whereas at concentration of 6.5 μg/ml has lowest cell death. Figure 1 
clearly reveals that induces cytotoxicity in human breast cancer cells 
in a dose and time dependent manner, which reflecting the loss of 
viability. 
MTT assay 
The anticancer activity of the Argemone mediated gold nanoparticles 
was evaluated against MCF-7 breast cancer cell lines at a various 
concentrations (6.5- 100 µg/ml). Figure 2 shows the anticancer 
activity of Argemone mediated gold nanoparticles and IC50
Colony-forming assay 
 value for 
gold nanoparticles was found to be 54.25 µg/ml. Maximum 
concentration of gold nanoparticles (100 µg/ml) effectively inhibits 
the growth of cell by more than 97%. Selim and Hendi [12] reported 
the anticancer activity of gold nanoparticles and cytotoxic effects of 
gold nanoparticles against MCF-7 human breast cancer cells. 
Colony forming assays showed that, at 50 and 100 μg/ml, green 
synthesised gold nanoparticles could drastically suppress the MCF- 7 
cells, with a 75% reduction compared to control. A minimum (30% 
inhibition) effect on colony formation was observed in 6.5 μg/ml 
gold nanoparticles treated MCF-7 cells (Figure 3). Many 
investigations were conducted on tumors exhibit resistance to 
radiation [13] and chemotherapeutic drugs and enhance the colony-
forming efficiency [14].  
The stimulation of green synthesised gold nanoparticles mediated 
cell apoptosis was observed by 
Morphological assay 
nuclear DNA staining assay
Caspase activities 
. The 
survival rate of the cells after treatment of gold nanoparticles was 
plotted in graphically against the time and dose dependent manner 
(Figure 4). After 24 h, gold nanoparticles treatment MCF-7 cells 
showed the characteristic of apoptosis such as chromatin 
condensation, membrane blebbing and cell shrinkage. 85% of 
apoptotic changes were detected after 72 h. The data showed and 
confirmed that the apoptosis was induced by the green synthesised 
gold nanoparticles. 
Figure 5 shows that the activity of Caspase-3- protease was 
increased. However, the activity of Caspase -8 and -9 was 
significantly high in the gold nanoparticles treated MCF-7 breast 
cancer cells. The results determined that gold nanoparticles exhibit 
cytotoxic effects via blocking the multiplying of MCF-7 cells and 
inducing apoptosis by controlling the expression of caspase-3, -8, 
and -9 levels. Conversely, despite the lack of Caspase-3 expression, 
MCF-7 cells undergo morphological apoptosis in response to a 
variety of agents [15]. 
DNA fragmentation assay 
Figure 6 shows the DNA fragmentation of green synthesised gold 
nanoparticles treated and untreated MCF-7 breast cancer cells. DNA 
marker (1 kb ladder) (Lane 1) was used to find the molecular weight 
of cleaved DNA fragments. The MCF-7 breast cancer cells (untreated 
gold nanoparticles- control) DNA was showed in Figure 8 (Lane 2). 
Extensive double strand DNA breaks was observed in gold 
nanoparticles treated MCF-7 breast cancer cells (Figure 8-Lane 3). 
The DNA fragmentation assay was subsequently evidenced for 
induction of apoptosis. DNA fragmentation was induced by silver 
nanoparticles on MCF-7 cells [16] which is good agreement for this 
investigation. 
CONCLUSION 
We have demonstrated the synthesis of gold nanoparticles using 
green chemistry approach. A. mexicana leaf aqueous extract has 
been used as a reducing and stabilizing agent for the synthesis of 
gold nanoparticles. The present investigation was determined that 
the potential anti-cancer activity of A. mexicana gold nanoparticles 
by using MCF-7 cells through induction of apoptosis and by inhibits 
growth or metastasis or cell proliferation. Our data support the 
hypothesis that green synthesised gold nanoparticles supress the 
growth of breast cancer cells through extraordinary increase in cell 
apoptosis. Gold nanoparticles would be a wonderful innovation in 
the field of nano medicine. 
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